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EXECUTIVE SUMMARY

During Phase I of this research, a 108 tank re-circulating aquaculture system was
constructed for the maintenance of a large adult population (3,000 - 4,000) of
Nothobranchius guentheri (N. guentheri). A series of range finding studies on the effects
of water purity, hardness, alkalinity, filtration, salinity, and diet on growth and
reproduction were accomplished in order to determine methodology for the economic
mass culture of the annual killifish, N. guentheri. Additional range finding studies were
conducted to determine the physical (light cycle and intensity) and chemical (water
quality) conditions required for adult production of embryos that can be stored out of
water while in a dormant stage of development (diapause) for a minimum of 90 days.

The constructed re-circulating aquaculture system that housed over 3,000 adult fish,
provided an optimal breeding environment for these fish and over a half million eggs were
harvested monthly. Range finding studies identified NaCl at concentrations of 3 - 4 parts
per thousand (ppt) as an essential requirement for chorion strength and embryo survival.
Adults grown in stock water containing less than 1 ppt NaCl produced embryos that
demonstrated more than 90% mortality during development. No morphological defects
were noted in the developing embryos, but the chorion (egg shell) surrounding the
developing embryo was weak when compared to eggs from adults maintained at either 3
or 4 ppt NaCl. Embryo survival dramatically increased when collected from adults
maintained at 3 or 4 ppt as NaCl. Embryos taken from adults maintained at 3 ppt NaCl
were able to be maintained in our lab, out of water, on filter paper, for the target 90 day
period required for the rapid toxicity test methods under development. The same eggs
were able to be hatched within 30 minutes after being placed back in water.

During Phase II, a large population of N. guentheri continued to be cultured. Embryos
were harvested and successfully shipped to collaborating USABRDL for use in
preliminary toxicant assessment studies. Embryo handling methods were refined and
various studies were conducted to determine why embryos did not continue to survive for
the target shelf life of 90 days. During commercial shipment of embryos to collaborating
United States Army Biomedical Research and Development Laboratory (USABRDL), egg
mortality increased, chorion strength decreased and embryos prematurely hatched, despite
being shipped in a semi-dry state. Further studies were performed to develop handling and
packaging techniques that avoid the mortality associated with commercial shipment of
these embryos. Lastly nutritional studies were conducted to improve feeding
methodology developed during Phase I of this study.

Temperature drops associated with commercial shipment were found to be the causative
agent for embryo mortality, hatching and most likely chorion weakening. The hatching
process in killifish is initiated by the release of a hatching enzyme, in response to various
environmental conditions (e.g. drop in oxygen tension). Embryos that were subjected to
drops in temperature, similar to those experienced in commercial shipment were found to
hatch or have a weakened chorion, perhaps due to the release of the hatching enzyme.




In order to further understand the hatching phenomenon and Diapause III termination,
fully developed embryos, first subjected to either drying, induced water loss by exposure
to hypertonic NaCl solution, diapause, water incubation or substrate manipulation were
then exposed to a drop in temperature to determine if temperature induced hatching could
be reduced or eliminated. In addition embryos, prior to full development were exposed to
temperature drops to determine if mortality would increase due to chorion weakening.

Studies concluded that embryos rarely hatched, whether stored on paper or in water when
held at a constant temperature. Exposure of embryos to a hypertonic NaCl solution
prevented temperature induced hatching. Embryos that were not fully developed also
failed to hatch or demonstrate chorion weakness when exposed to temperature drops.
Utilizing these results, we developed a storage technique for the final rapid toxicity
assessment kit. Embryos that were induced by photoperiod to enter Diapause II and
stored in sterile soil to induce water loss, were able to be stored out of water for periods
up to 300 days.

The problem of temperature drops experienced during commercial shipment of embryos
was solved by the development of a simple package heater capable of heating the eggs
during shipment. In addition, the new storage technique developed (storing eggs in
sterile soil) reduced shipping associated mortality, increased embryo shelf life, and
eliminated the complicated egg handling routines developed during Phase I of this
contract. ‘

In addition to refining handling techniques for embryos produced for toxicant assessment,
a newly developed spirulina and yeast enriched brine shrimp was tested for enhanced
growth in these fish. The enriched brine shrimp demonstrated better growth in these fish
when compared to another commercially purchased non-enriched brine shrimp.



I. INTRODUCTION

In genetically predisposed species, diapause represents a state of development in which
growth processes or conventional physiological functions are reversibly suppressed
without injury to the organism. Diapause serves as a survival strategy which enables the
species to cope with the harsh cyclical conditions of its normal habitat.

The manipulation of both diapause onset and termination would permit researchers to
store embryos for extended periods of time without concomitant aging or change in
cellular integrity. The present ability to terminate Diapause and hatch embryos within
minutes makes the annual killifish an ideal candidate for the rapid biological assessment of
toxicants. Through an understanding of embryonic diapause and the commercial
production of the annual killifish, Nothobranchius guentheri (N. guentheri), several
thousand embryos were harvested and made available to collaborating Research Methods
Branch of the U.S. Army Biomedical Research and Developmental Laboratory
(USABRDL) for rapid toxicant assessment studies. The present research outlines
methods for manipulating Diapause in order to store embryos for extended periods of
time. Methods of shipping embryos were developed which avoid drops in temperatures
that were discovered to induce premature hatching.

N. guentheri (Teleostei: Cyprinodontidae) is an “annual killifish” found in the coastal
regions of east Africa from Kruger Park to the Somali Republic and westward through the
sub-Saharan basin to Gambia (Turner, 1964; Klee, 1965, Haas, 1976a,b). They are found
in ponds having mud substrates and subjected to total seasonal drying (Jubb, 1969). N.
guentheri (Pfeiffer) is found in the coastal lowlands of Tanzania and Kenya (Bailey, 1972).
The annual fish are unique in that they are common only in habitats which are subject to
complete seasonal drying and erratic climatic conditions, while being rare in permanent
bodies of water (Myers, 1952; Bailey, 1972; Wourms, 1972a,b,c). As their habitats dry,
all hatched fish die and the species survival is totally dependent on the adult’s substrate
deposition of drought resistant eggs that are capable of entering diapause (Peters, 1963,
Wourms, 1964). These eggs remain in a state of diapause until hatching is triggered by
the onset of rainfall. Other reproductive modifications include early sexual maturity, daily
egg production, and a moderately high primary reproductive effort (Simpson, 1979).

In most oviparous fish, a continuous mode of embryonic development follows fertilization
(Oppenheimer, 1937, 1947, Trinkaus, 1951,1963 & Ballard, 1973). Manipulation of
factors to slow development (e.g. oxygen, salinity, temperature) tends to increase
morbidity and malformity (reviewed in Inglima, 1980). In contrast, the annual killifish may
exhibit an embryonic diapause of variable duration at three specific stages of development
(Peters, 1963; Wourms, 1964, 1972a,b,c) without a corresponding increase in morbidity
and malformation. The incidence of diapause has been shown to be controlled by such
biophysical factors as light-dark cycle, season of collection (Markofsky et al., 1979),
temperature (Markofsky and Matias, 1977, 1978), oxygen (Peters, 1963) and intrinsic
factors such as adult diffusable substances (Inglima et al., 1981). The stages of




development described by Wourms for Austrofundulus have been noted to be similar for
Nothobranchius and are outlined below for those stages where diapause may occur.

Diapause I (DI) occurs at stage 20 (Dispersed Phase one) after completion of epiboly. At
this time there exists an amoeboid cell population which remains randomly distributed
within the space between the two concentric layers, the periblast and enveloping layer.
Diapause II (DII) occurs at stage 32-33 when there is a long somite embryo (35-42
somites) just prior to the initiation of circulation. If DII occurs at stage 32, the heart
appears as a simple non-contracting tube. If DII occurs at stage 33, the heart may exhibit
erratic contractions. When a few colorless blood cells are observed circulating, and the
heart beats at a steady rate, DII can be considered terminated. Diapause III (DIII) occurs
at stage 43 during full embryonic development just prior to hatching (Wourms, 1972a). In
N. guentheri, D 1 is not observed unless induced by reduced oxygen tension (Peters, 1963;
Inglima et al., 1981), hypothermia (Markofsky & Matias, 1978) and adult diffusable
substances (Inglima, 1980). D II is controlled by the light cycle and the intensity and
duration of exposure (Dose of Light) (Hull 1986). DI and D II, by their ability to be
expressed only by induction by certain environmental stimuli, are called facultative
(Wourms, 1964, 1966). D III, on the other hand is obligate and almost invariably occurs.
A few eggs bypass diapause and Wourms has called these “escape eggs”. Historically,
Diapause has been noted to be highly variable even when maintained under laboratory
constant conditions. Work by Hull (1986) demonstrated that several environmental
factors when applied together, will modify the onset and duration of Diapause in a
predictable fashion.

Methods developed to commercially produce these fish as well as control diapause in a
predictable/reproducible fashion, not only permit the development of a portable and rapid
toxicant assessment kit, but allow for sensitive biochemical studies aimed at isolating
“Diapause Factor” which is currently believed to be passed from the adult female to the
ova in response to various environmental stimuli.




II. RATIONALE

Previously, in Phase 1 of this research we discovered several factors that improve egg
viability, and were able to store eggs for the target 90 day period. Methodology was also
developed that permitted collaborating labs to rapidly hatch fish. This called for embryos
to be water incubated for 35 days, followed by storage on moist filter paper in petri dishes
for an additional 10 - 15 days. The resulting egg hatched rapidly, within 30 minutes, when
submerged in water. The same methodology created a new problem in that the egg, once
removed from water, was more sensitive to shipping and handling and subject to
premature hatching and high mortality. Phase II research efforts explored the effects of
temperature drops on hatching in eggs incubated under differing conditions. Results were
used to develop methods which prevent mortality tied to shipping induced temperature
fluctuation. In addition, new storage techniques were tested that simplify handling of these
eggs, while extending their shelf life. Methods were tested by actual shipment of eggs to
collaborating USABRDL.

Il. MATERIALS AND METHODS

Fish

Laboratory populations of N. guentheri were derived from an original strain maintained at
the Orentreich Foundation for Science (N.Y., N.Y.) in 1983. This population was crossed
with several other populations maintained by members of the American Killifish
Association during 1990-1992. Prior to the cross, eggs were harvested from these fish
and inspected for diapause to insure their acting similarly in response to light. Fish were
routinely selected for healthy characteristics, such as body shape, color, maximum growth,
longevity, egg production, and rapid rate of growth. Information on the original
population and methods of breeding, egg collection, hatching and raising fry has been
reported in the following articles: Markofsky and Perlmutter, 1972, 1973, Inglima, 1980;
Hull, 1986, Report # AD-A289056).

Facility & Equipment

A temperature controlled 5,000 square foot insulated building located at 109 SW Caroline
Street, Milton Florida was utilized as a laboratory. Adult fish were maintained in
experimental tanks consisting of 5 gallon static aquaria. The general adult population was
maintained in one hundred 30 gallon tanks linked together to create a recirculating system.
Fish were hatched and raised in PVC pools of various capacity covered by a green house.
Fish were transported to the lab as needed when mature. A complete description of the
tanks, facility design, and breeding methodology was given in the Phase I report (Report
# AD-A289056).



Water Treatment

Water was pumped from a 105 feet deep well. All water lines were PVC plastic. Well
water was passed through a commercially installed Culligan water purification system that
permitted water to be taken after various stages of filtration. All well water was
prefiltered down to 1 micron. Water passed through carbon and was used at this point or
further purified by a water softener and thin film composite reverse osmosis. Water used
for embryo research and holding of the adult population was a 50:50 mix of carbon filtered
well water and carbon filtered well water further treated by reverse osmosis. This water
was stored and aerated for a minimum of 2 days in 800 gallon high density polyethylene
tanks. Water was conditioned by the addition of CaC0; and NaCl. Other trace chemicals
used are fully described in Report # AD-A289056.

Water Conditions

The general adult and embryo stock water conditions are listed below:

pH 6.8-7.1

Alkalinity 17-34 ppm as CaC0;
Hardness 17-34 ppm as CaC0;

Salinity 3 parts per thousand as NaCl

Additional information on water treatment and storage can be found in the report covering
Phase I of this research.

Food

Adult fish were fed a combination of frozen or live blood worms, adult brine shrimp,
standard aquarium flake food, freeze dried blood worms, and Daphnia. Food preparation
and regimen can be found in detail in the report covering Phase I of this research. In the
appendix of this report, we discuss a new nutritionally supplemented food source which
benefited the growth of these fish. This new supplemented brine shrimp replaced the
vitamin fortified paste, reported in Phase I, which was laborious to produce.

Lighting

Light controlled chambers measuring 1.2m long x 0.8m high and 0.8m wide were
constructed out of wood, with overhead cool white fluorescent lights (General Electric, 2
pin, 48 inch). The light intensity was measured daily at the surface of the water during the
first two weeks and twice per week thereafter using a Lux Meter (Pet Warehouse). The
intensity of light was set by changing the distance between the aquarium and the
fluorescent fixtures. Each tank was surrounded by brown cardboard so only overhead
illumination was responsible for light reaching the tank. The light cycle in each chamber
was controlled by automatic electric timers to produce long day photoperiods consisting
of 14 hours of light and 10 hours of darkness (L:D, 14:10) and short day photoperiods




consisting of 10 hours of light and 14 hours of darkness (L:D, 10:14). Water temperature
was monitored daily and found to be uniform throughout the chambers. Temperature
varied between 24.0°C and 26.0°C.

Diapause Control

Methods developed by Hull (1986) were used to manipulate adult fish to produce embryos
that either enter or bypass Diapause. Adults that produce embryos that enter D II were
exposed for 100 or more days to short day conditions (L:D, 10:14). Adults that produce
embryos that bypass D II were exposed to long day conditions (L:D, 14:10). Intensity of
light was 150 ft-candles (1500 Lux).

General Handling of Fish and Embryos

Unless otherwise noted, each experimental tank bottom was covered by a 2-3 c¢m layer of
fine white marine sand and contained 16 liters of stock water adjusted to 3 grams per liter
with NaCl. All experimental tanks were 5 gallon glass tanks (40cm x 21cm x 26¢cm) and
contained one rectangular filter at the base, as recommended by Wourms (1966). Each
filter contained two layers of aquarium floss with 1-2 cms of gravel (Estes #3) and 1.6
grams boiled peat moss (Fluval) sandwiched between them. To begin each experiment, 80
day old fish were selected from the general stock and randomly assigned to each tank. In
every experimental design, the adult number and sex ratio among aquaria were kept
constant. Each spawning group consisted of 3 capable females and 2 capable males. Each
experimental group consisted of 4 five gallon aquaria labeled A - D. The composition was
maintained by replacing fish that died with a fish of the same age that had been exposed
identically. One third of the water was replaced with fresh stock water weekly. Eggs
were harvested by stirring up the sand and swirling a fine mesh net in the tank in a figure 8
motion. A five day spawning period was selected to allow for a sufficient accumulation
of embryos without allowing the embryo population to differ widely in age. Discarding the
eggs in the aquaria 5 days prior to an egg collection insured all eggs to be 1-5 days old at
the start of our observations.

Eggs were collected and immediately placed in glass trays (24°x12x4”) containing fresh
stock water which was changed daily to prevent bacterial build up. Eggs were maintained
in the dark at room temperature (24-26°C) until they reached the desired stage of
development.

Prior to any experiment, eggs were inspected using a stereomicroscope (40X). The
position of the developing embryo, clarity of the chorion and characteristic double
membrane (a unique characteristic of the annual killifish (Wourms, 1966) were used to
determine viability and embryo condition. When water incubated, viable embryos were
selected and placed in glass bowls (14cm diameter and Scm high). If eggs were to be
dried, they were placed on filter paper (Whatman #1) and sealed with Parafilm in Falcon
brand petri-dishes (90 x 15 mm). For peat studies, embryos were placed in Canadian Peat
moss that was first boiled several times to remove impurities and reduce ammonia. The



peat moss was sealed in Falcon brand petri dishes (90 x 15 mm) using Parafilm. The peat
moss and filter paper were dried by blotting until slightly moist to the touch.

Embryos used for various temperature experiments were maintained at 21.0°C in a water
bath (Aquanetics) or at 25.0°C in a Precision Model 818 low temperature incubator.
Temperature range varied + 0.5 °C.

Experimental eggs were inspected on specific days set forth in each experimental design.
Visual inspections took place at room temperature under a large 3X viewing glass or
stereomicroscope. Therefore, embryos that were incubated at 21.0°C experienced a slight
rise in temperature during the inspection process. Eggs at 25.0°C experienced a negligible
change in temperature since room temperature was approximately 25.0°C. Embryos were
considered hatched if they were observed free swimming or completely free of the egg
chorion. For a more detailed description of handling, see Phase I report.

Statistical Analysis

Data generated from hatching studies were analyzed for each day utilizing both an exact

nonparametric permutation test and an asymptotic X2 test with the software StatXact-
Turbo. A repeated measures design was utilized to analyze the growth study. Statistical
results are given in Appendix IV. :

IV. EXPERIMENTAL DESIGN

A. The effect of drops in temperature on hatching and viability in water incubated eggs.
Adults were exposed to non diapause inducing long day conditions (L:D, 14:10) for 100
days.

This study was performed to determine the effect of shipping related drops in temperature
on hatching and viability. The understanding of factors that trigger the hatching process
and the termination of D III, will permit the development of methods that reduce shipping
associated mortality and premature hatching.

Five eighty-day-old fish of a similar size were randomly placed in each of 4 experimental
aquaria at a 3:2 female to male ratio. Aquaria and fish were set in light boxes and exposed
to long day conditions (L:D, 14:10) for 100 days at an intensity of 150 fi-cs. Adults
exposed to these conditions were previously noted to produce embryos that bypass D I &
D II. Tanks were maintained at room temperature which varied between 24.0° and
26.0°C. Eggs between 1 and 5 days of age were collected from each tank and placed in
labeled (A-D) glass trays (24°x12”x4”), and water incubated in stock 3 ppt NaCl solution.
The incubation solution was changed daily while the embryos were permitted to develop
over a 35 day period at room temperature to stage 43. The embryos were visually
inspected under a stereomicroscope at 40X magnification to insure normal development
and membrane morphology. Sixty eggs were selected from each of the four groups and
placed 30 per glass bowl in 200 milliliters of freshly prepared stock water. One set of 4




bowls was placed in an incubator at a temperature of 25.0°C and labeled A-D control.
The remaining set of 4 bowls was placed in a water bath at 21.0°C, representing a 4.0°C
drop in temperature. Temperature was checked after 3 hours to insure the target
temperature (21°C) was reached. Variation in both incubators was + 0.5°C. A 50%
water change was conducted every fourth day with identical water at the same
temperature. Eggs were inspected visually on days 4, 8, 12 & 20 and viability and
hatching noted (Table 1).

B. The effect of drops in temperature on hatching and viability in water incubated eggs
that were dried for 10 days prior to being returned to water incubation. Adults were
preconditioned to produce embryos that bypass D II by adult exposure to long day
conditions (L:D, 14:10) for 100 days.

This study was performed to determine how eggs that experience a brief 10 day drying
period react to shipping related drops in temperature. The understanding of factors that
trigger the hatching process and the termination of D III will permit the development of
methods that reduce shipping associated mortality and premature hatching.

Five eighty-day-old adult fish of a similar size were randomly placed in each of 4
experimental aquaria at a 3:2 female to male ratio. Aquaria and fish were set in light
boxes and exposed to long day conditions (L:D, 14:10) for 100 days at an intensity of 150
ft-cs. Adults exposed to these conditions were previously noted to produce embryos that
bypass Diapause I & II. Tanks were maintained at room temperature which varied
between 24.0° and 26.0°C. Eggs between 1 and 5 days of age were collected from each
tank and placed in labeled (A-D) glass trays (24”x12”x4”), and water incubated in stock 3
ppt NaCl solution. The incubation solution was changed daily while the embryos were
permitted to develop over a 35 day period at room temperature to stage 43. The embryos
were visually inspected under a stereomicroscope at 40X magnification to insure normal
development and membrane morphology. Seventy eggs were selected from each of the
four groups and dried by placement on moistened Whatman filter paper, 35 per filter, and
sealed in petri-dishes using parafilm. Two sets of dishes labeled A-D control and A-D
experimental were placed in an incubator at 25.0°C. After 10 days the experimental dishes
were removed, 30 viable embryos were selected from each dish, placed in bowls
containing freshly prepared stock solution at 25°C, and transferred to a 21.0°C water
bath. The water temperature was monitored after 3 hours to insure the embryo incubating
solution reached 21°C. The controls were treated similarly but were left at 25.0°C. Eggs
were inspected visually on days 4,8,12 & 20 and viability and hatching noted (Table 2).

C. The effect of drops in temperature on hatching and viability in dried eggs that are
stored on moist filter paper. Adults were preconditioned to produce embryos that bypass
DII by adult exposure to long day conditions (L:D, 14:10) for 120 days.

This study was performed to determine the effect of shipping related drops in temperature
on hatching and viability in dried eggs. Similar conditions are experienced by the eggs
shipped to collaborating laboratories. The understanding of factors that trigger the




hatching process and the termination of D ITI, will permit the development of methods
that reduce shipping associated mortality and premature hatching.

Five eighty-day-old adult fish of a similar size were randomly placed in each of 4
experimental aquaria at a 3:2 female to male ratio. Aquaria and fish were set in light
boxes and exposed to long day conditions (L:D, 14:10) for 120 days at an intensity of 150
fi-cs. Adults exposed to these conditions were previously noted to produce embryos that
bypass DI& DII. Tanks were maintained at room temperature which varied between
24.0° and 26.0°C. Eggs between 1 and 5 days of age were collected from each tank and
placed in labeled (A-D) glass trays (24”x12”x4”), and water incubated in stock 3 ppt NaCl
solution. The incubation solution was changed daily while the embryos were permitted to
develop over a 35 day period at room temperature to stage 43. The embryos were
visually inspected under a stereomicroscope at 40X magnification to insure normal
development and membrane morphology. Seventy eggs were selected from each of the
four groups and placed on moistened Whatman filter paper, 35 per filter, and sealed in
petri-dishes. Two sets of dishes labeled A-D control and A-D experimental were placed in
an incubator at 25.0°C. After 10 days, the experimental dishes were removed, 30 viable
embryos (Age = 45 days) were selected from each dish, placed on new filter paper, and
transferred to 21.0°C. The controls were treated similarly but were left at 25.0°C. Eggs
were inspected visually on days 4,8,12 & 20 and hatching noted (Table 3). Eggs that had
thin chorions and crushed when gently rolled by hand were considered hatched. The
assumption was made that the hatching process (hatching enzyme released) occurred , but
fish could not completely shed the chorion due to the lack of surrounding water.

D. The effect of drops in temperature on hatching and viability in water incubated eggs
that entered D II for 20 days. Eggs were dried for 10 days prior to being returned to
water incubation. Adults were programmed to produce embryos that enter D II by
exposure to short day conditions (L:D, 10:14) for 100 days.

This study was performed to determine the effect of drops in temperature on hatching in
eggs that enter D II for 20 days prior to being subjected to a 10 day drying period.
Similar conditions are experienced by the eggs shipped to collaborating laboratories. The
understanding of factors that trigger the hatching process and the termination of D 1,
will permit the development of methods that reduce shipping associated mortality and
premature hatching.

Five eighty day old adult fish of a similar size were randomly placed in each of 4
experimental aquaria at a 3:2 female to male ratio. Aquaria and fish were set in light
boxes and exposed to short day conditions (L:D, 10:14) for 100 days at an intensity of 150
fi-cs. Adults exposed to these conditions were previously noted to produce embryos that
enter DII. Tanks were maintained at room temperature which varied between 24.0° and
26.0°C. Eggs between 1 and 5 days of age were collected from each tank and placed in
labeled (A-D) glass trays (24°x127x4”), and water incubated in stock 3 ppt NaCl solution.
The incubation solution was changed daily while the embryos were permitted to develop
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over a 55 day period at room temperature to stages 43 (prehatching stage). These
embryos which normally develop to the prehatching stage in 35 days entered a dormant
stage of development (D II) for 20 days bringing their total developmental time to 55
days. The embryos were visually inspected under a stereomicroscope at 40X
magnification to insure normal development, diapause onset and membrane morphology.
Seventy eggs were selected from each of the four groups and placed on moistened filter
paper, 35 per filter, and sealed in petri-dishes. Two sets of dishes labeled A-D control and
A-D experimental were placed in an incubator at 25.0°C. After 10 days the experimental
dishes were removed, 30 viable embryos (Age = 65 days) were selected from each dish,
placed in bowls containing freshly prepared stock solution, and transferred to 21.0°C.
Temperature was checked after 3 hours to insure the experimental conditions (21°C)
were reached. The controls were treated similarly but were left at 25.0°C. Eggs were
inspected visually on days 4,8,12 & 20 and viability and hatching noted (Table 4).

E. The effect of drops in temperature on hatching and viability in water incubated eggs,
that are developed to stage 38-40, prior to the pre-hatching stage (D III). Adults were
exposed to long day conditions (L:D, 14:10) for 120 days.

This study was performed to determine the effect of shipping related drops in temperature
on hatching and viability in eggs that are not fully developed. Mortality experienced
during transport, which may be due to temperature fluctuation, may be avoided if -
embryos are shipped to collaborating labs prior to the prehatching stage (D III).

Five eighty day old adult fish of a similar size were randomly placed in each of 4
experimental aquaria at a 3:2 female to male ratio. Aquaria and fish were set in light
boxes and exposed to long day conditions (L:D, 14:10) for 120 days at an intensity of 150
ft-cs. Adults exposed to these conditions were previously noted to produce embryos that
bypass Diapause I & II. Tanks were maintained at room temperature which varied
between 24.0° and 26.0°C. Eggs between 1 and 5 days of age were collected from each
tank, placed in labeled (A-D) glass trays (24x12”x4”), and water incubated in stock 3
ppt NaCl solution. The incubation solution was changed daily while the embryos were
permitted to develop over a 20-25 day period at room temperature to stages 38-40. The
embryos were visually inspected under a stereomicroscope at 80X magnification to insure
adequate/normal development and membrane morphology. Sixty eggs between stages 38-
40 were selected from each of the four groups and placed, 30 per glass bowl, in 200
milliliters of freshly prepared stock water. One set of 4 bowls was placed in an incubator
at a temperature of 25.0°C and labeled A-D control. The remaining set of 4 bowls were
placed in a water bath at 21.0°C, representing a 4.0°C drop in temperature. Temperature
was checked in 3 hours to insure experimental conditions (21°C) were reached. Variation
in both incubators was +0.5°C. Eggs were inspected visually on days 4,8,12 & 20 and
viability and hatching noted (Table 5).
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F. The effect of reducing egg water content on hatching and viability in embryos exposed
to a 4.0°C drop in temperature known to induce hatching. Adult fish were exposed to
long day conditions (L:D, 14:10) for 130 days.

This study was performed to determine the effect of drops in temperature on hatching in
eggs experiencing water loss induced by exposure to hypertonic NaCl solutions. Many
observations on embryos stored in peat moss indicate embryos are less likely to hatch
when shipped during cool temperatures. The removal of water via exposure to a
hypertonic solution of NaCl was meant to mimic the water loss that takes place when eggs
are stored in peat moss.

Five eighty day old adult fish of a similar size were randomly placed in each of 4
experimental aquaria at a 3:2 female to male ratio. Aquaria and fish were set in light
boxes and exposed to long day conditions (L:D, 14:10) for 130 days at an intensity of 150
fi-cs. Tanks were maintained at room temperature which varied between 24.0° and
26.0°C. Eggs between 1 and 5 days of age were collected from each tank, placed in
labeled (A-D) glass trays (247’x12x4”), and water incubated in stock 3 ppt NaCl solution.
The incubation solution was changed daily while the embryos were permitted to develop
at room temperature to stages 25-32. The embryos were visually inspected under a
stereomicroscope at 80X magnification to insure adequate/normal development and
membrane morphology. Sixty eggs between stages 25-32 were selected from each of the
four groups and placed 30 per glass bowl in 200 milliliters of freshly prepared stock water.
One set of 4 bowls was placed in an incubator at a temperature of 25.0°C and labeled A-D
control. The remaining set of 4 bowls had their incubating solution changed with 10 ppt
NaCl stock solution. These bowls were labeled A-D experimental and placed in the
incubator at 25.0°C. When the experimental embryos demonstrated shrinkage of the
primary membrane from the chorion and reached the prehatching stage, they were
removed and placed at 21.0°C. Temperature was checked after 3 hours to insure
experimental conditions (21°C) were reached. Control eggs were left at 25.0°C. Eggs
were inspected visually on days 4,8,12 & 20 and viability and hatching noted (Table 6).

G. The effect of short day adult exposure, ( L:D, 10:14) on long term storage of embryos
dried in peat moss and stored at 21°C. Adult fish were exposed to short day photoperiods
for 130 days.

To maintain large quantities of annual killifish is costly and only viable when a large
research effort is taking place. For economic purposes as well as for convenience, it would
be beneficial to store embryos for extremely long periods. The cost of storage is
negligible, and avoids the chronic attention a continuous breeding facility necessitates.
Three factors known to govern Diapause onset and or duration were studied together to
determine if embryos could be stored for 300 days. Diapause onset was induced by 130
day adult exposure to short day photoperiods which were previously observed to induce
embryos to enter D I These embryos were stored in dry peat which was moistened by
the addition of a small amount of water, which leads to evaporative water loss, known to
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lengthen the duration of D II. Lastly, the embryos will be stored at 21.0°C, a temperature
known to either lengthen or induce D II.

Five eighty day old adult fish of a similar size were randomly placed in each of 4
experimental aquaria labeled A-D, at a 3:2 female to male ratio. Aquaria and fish were set
in light boxes and exposed to short day conditions (L:D, 10:14) for 130 days at an
intensity of 150 fi-cs. Tanks were maintained at room temperature which varied between
24.0° and 26.0°C. Eggs between 1 and 5 days of age were collected from each tank and
placed in labeled (A-D) glass trays (24”’x12x4”), and water incubated in stock 3 ppt NaCl
solution. The incubation solution was changed daily while the embryos were permitted to
develop at room temperature to stages 28-31 just prior to the onset of D II.. Embryos
previously collected from these adults were observed to enter D II. The embryos were
visually inspected under a stereomicroscope at 80X magnification to insure normal
development and membrane morphology. Thirty five eggs were selected from each of the
four groups and placed in large peat filled petri dishes and sealed with parafilm. The
dishes were labeled A-D and placed at 21.0°C. Afier five days, 30 viable embryos were
selected from each dish and placed in new identically labeled dishes, containing sterile
boiled peat moss. Embryos were placed back at 21.0°C. Eggs were inspected every 90
days and on day 300. Data was recorded as number of eggs less than or equal to D II or
greater than D II, and number viable. Results are reported in Table 7.
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V. EXPERIMENTAL RESULTS

The effect of lowering the incubation temperature of the embryo on hatching and viability.

A. The effect of drops in temperature on hatching and viability in water incubated eggs.
Adults were exposed to non diapause inducing long day conditions (L:D, 14:10) for 100
days.

When visually inspected under the microscope, embryos were free of abnormalities and
membranes exhibited normal morphology. Very few eggs (3.4%) hatched in the control
group incubated at a constant temperature of 25.0°C. There was a slightly higher
incidence of hatching (13.8%) in eggs exposed to a 4.0°C drop in temperature. Survival
in control eggs was slightly higher than eggs subjected to a drop in temperature, reported
as 95.8% and 90.8% respectively. It appears that the non-viable embryos did not suffer
from abnormal deaths, but failed to hatch completely from the egg shell. The chorions of
the non-viable eggs were always paper thin, indicating enzymatic digestion from within,
but were not picked up as hatched since criteria for hatching was complete escape from
the chorion. Once a fish hatched it was discarded but carried forward in the data as viable
and hatched. Data is presented below in Table 1.

Table 1. The effect of embryo exposure to a 4.0°C drop in temperature on hatching and
viability. Eggs were water incubated and permitted to develop to Diapause IIL. Sixty
eggs were sampled from each of four aquaria. Eggs from each aquaria were randomly
split into two groups of 30 and placed at either 25.0°C or 21.0°C. Data are reported as
number hatched/ number viable on days 4,8,12, & 20. Total hatched/viable, percent
hatched and survival are given for day 20. The days on which significant differences
appear are noted in bold type.

CONTROL EXPERIMENTAL
25°C 21°C
DAY # Hatched/#Viable # Hatched/#Viable

A B C D A B C D

0 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30
4 0/30 0/30 0/30 0/30 2/29 1/30 0/30 0/30
8 0/30 0/30 1/30 1/29 3/27 1/30 2/29 2/29
12 0/30 0/29 2/29 1/29 5/27 3/29 2/28 3/28
20 0/29 0/28 3/29 1/29 5/26 3/28 2/28 5/27
Total # 4/115 15/109
Hatched/Viable
Percent Hatched 3.5% 13.8%
Survival (%) 95.8% 90.8%
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B. The effect of drops in temperature on hatching and viability in water incubated eggs
that were dried for 10 days prior to being returned to water incubation. Adults were pre-
conditioned to produce embryos that bypass D II by adult exposure to long day conditions
(L:D, 14:10) for 100 days.

When visually inspected under the microscope, embryos were free of abnormalities and
membranes exhibited normal morphology. Embryos that were dried for 10 days and
exposed to a drop in temperature demonstrated lower survival (82.5%) and a higher hatch
rate (41.4%) when compared to controls. Control survival and hatch rate was 88.3% and
7.5% respectively (Table 2). As in Experiment A, mortality was not due to abnormal
circumstances, but was most likely embryos that failed to completely break out of their
egg chorion. Data is presented below in Table 2.

Table 2. The effect of embryo exposure to a 4.0°C drop in temperature on hatching and
viability. Eggs were water incubated until fully developed, dried for 10 days, then
returned to water incubation. Sixty eggs were sampled from each of four aquaria. Eggs
from each aquaria were randomly split into two groups of 30 and placed at either 25.0°C
or 21.0°C. Data are reported as number hatched/ number viable on days 4,8,12, & 20.
Total hatched/viable, percent hatched and survival are given for day 20. The days on
which significant differences appear are noted in bold type.

CONTROL EXPERIMENTAL
25°C 21°C
DAY # Hatched/#Viable #Hatched/#Viable

A B C D A B C D

0 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30
4 129 0/30 1/29 0/30 2/29 4/30 1/28 6/28
8 1728 0/29 2/28 1/28 5/28 6/28 4/27 6/27
12 2/28 1/27 2127 1/27 13/26 7/28 8/26 6/27
20 2/27 1727 4/26 1/26 14/23 9/25 11/25 7/26

Total#

Hatch/Viable 8/106 41/99

Percent Hatched 7.5% 41.4%

Survival 88.3% 82.5%
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C. The effect of drops in temperature on hatching and viability in dried eggs that are
stored on moist filter paper. Adults were preconditioned to produce embryos that bypass
D I by adult exposure to long day conditions (L:D, 14:10) for 120 days.

When visually inspected under the microscope, embryos were free of abnormalities and
membranes exhibited normal morphology. Eggs that were dried while exposed to a drop
in temperature demonstrated a higher hatch rate (15.0%) than controls (3.3%) (Table 3).
Survival was assumed perfect, since eggs that were crushed when lightly touched were
recorded as hatched. Since the eggs are stored out of water, an embryo could not burst
out of the chorion (criteria used for hatching). The enzyme would digest the chorion if
hatching was initiated, and the egg would crush if gently touched.

Table 3. The effect of embryo exposure to a 4.0°C drop in temperature on hatching.
Eggs were water incubated until fully developed and then transferred to moist filter paper.
Sixty eggs were sampled from each of four aquaria. Eggs from each aquaria were
randomly split into two groups of 30 and placed at either 25.0°C or 21.0°C.

Data are reported as number hatched on days 4,8,12, & 20. Total number and % hatched
are given for day 20. The days on which significant differences appear are noted in bold

type.

CONTROL EXPERIMENTAL
25°C 21°C
DAY # Hatched #Hatched
A B C D A B C D
0 30 30 30 30 30 30 30 30
4 0 1 0 0 1 2 2 1
8 0 1 0 0 1 3 5 1
12 1 1 0 0 1 5 5 2
20 2 1 0 1 2 5 8 3
Total # Viable 120 120
Total # Hatch* 4 18
Percent Hatch 3.3% 15.0%

* Number Hatched in eggs stored out of water were those which crushed to gentle touch.
It was assumed that the hatching enzyme was triggered, but hatching prevented due to the
lack of water.
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D. The effect of drops in temperature on hatching and viability in water incubated eggs
that were programmed to enter D II for 20 days. Eggs were dried for 10 days prior to
being returned to water incubation. Adults were programmed to produce embryos that
enter D II by exposure to short day conditions (L:D, 10:14) for 100 days.

When visually inspected under the microscope, embryos were free of abnormalities and
membranes exhibited normal morphology. Embryos that were observed to enter D II for
20 days were selected for study. Embryos that were exposed to a 4.0°C drop in
temperature demonstrated a higher hatch rate (46.7%) than controls (8.3%) maintained at
25.0°C. Survival was lower in embryos exposed to a drop in temperature (87.5%) when
compared to controls (90.8%).

Table 4. The effect of embryo exposure to a 4.0°C drop in temperature on hatching and
viability. Eggs that entered D II for 20 days were water incubated until they were fully
developed, transferred to moist filter paper for 10 days and finally returned to aqueous
incubation. Sixty eggs were sampled from each of four aquaria. Eggs from each aquaria
were split into two groups of 30 and randomly placed at either 25.0°C or 21.0°C. Data are
reported as number hatched/ number viable on days 4,8,12, & 20. Total hatched/viable,
percent hatched and survival are given for day 20. The days on which significant
differences appear are noted in bold type.

CONTROL EXPERIMENTAL
25°C 21°C
DAY # Hatched/#Viable #Hatched/#Viable

A B C D A B C D

0 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30
4 029 2/30 2/28 0/29 4/28 6/30 2/30 3/29
8 2/28 2/29 2/28 1/29 11/27 7/29 3/29 5/28
12 228 3/28 2/27 2/28 16/27 12/28 8/27 6/28
20 2/27 3/28 2/26 2/28 17/27 15/26 11/26 6/26

Total #

Hatch/Viable 9/109 49/105

Percent Hatch 8.3% 46.7%

Survival 90.8% 87.5%
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E. The effect of drops in temperature on hatching and viability in water incubated eggs
that are developed to stage 38-40, prior to the pre-hatching stage. Adults were exposed to
long day conditions (L:D, 14:10) for 120 days.

When visually inspected under the microscope, embryos were free of abnormalities and
membranes exhibited normal morphology. Embryos, not fully developed, exposed to a
drop in temperature of 4.0°C, led to a hatch rate of less than 5%, similar to the control
hatch rate of 3.4%. Survival was slightly higher in control eggs (97.5%) compared to
experimental (93.3%) (Table 5). Eggs did not begin hatching until day 12, in comparison
to day 4 in previous experiments. No significant differences existed between groups.

Table 5. The effect of embryo exposure to a 4.0° C drop in temperature on hatching and
viability in eggs that are not fully developed (staged between 38-40). Eggs were water
incubated throughout development. Sixty eggs were sampled from each of four aquaria.
Eggs from each aquaria were randomly split into two groups of 30 and placed at either
25.0°C or 21.0°C. Data are reported as number hatched/number viable on days 4,8,12, &
20. Total hatched/viable, percent hatched and survival are given for day 20.

CONTROL EXPERIMENTAL
25°C 21°C
DAY # Hatched/#Viable #Hatched/#Viable

A B C D A B C D

0 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30
4 0/30 0/30 0/30 0/30 0/30 0/30 0/28 0/30
8 0/30 0/30 0/30 0/30 0/29 0/30 0/28 0/30
12 0/29 1/30 0/28 2/30 0/28 0/30 0/28 0/30
20 0/29 1/30 1/28 2/30 3/28 2/29 0/27 0/28
Total # 4/117 5/112
Hatch/Viable
Percent Hatch 3.4% 4.5%
Survival 97.5% 93.3%
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F. The effect of reducing egg water content on hatching and viability in embryos exposed
to a 4.0°C drop in temperature known to induce hatching. Adult fish were exposed to
long day conditions (L:D, 14:10) for 130 days.

When visually inspected under the microscope, embryos were free of abnormalities and
membranes exhibited normal morphology. The primary membrane was observed to be
shrunk away from the chorion in eggs exposed to a hypertonic NaCl solution. By reducing
the water content of the egg by exposure to a hypertonic NaCl solution, the temperature
induced hatching process was inhibited, with no eggs hatching in response to temperature
change. Survival for treated eggs was 87.5% compared to 95.0% for controls. Few eggs
(3.5%) hatched in controls supporting previous findings in Experiment A. By comparing
the results of this study to previous studies (A-D), it becomes obvious that exposure to
hypertonic solutions prevents the temperature induced hatching response.

Table 6. The effect of embryo exposure to a 4.0°C drop in temperature on hatching and
viability. Experimental eggs were exposed to a hypertonic NaCl solution and water
incubated throughout development. Sixty eggs were sampled from each of four aquaria.
Eggs from each aquaria were randomly split into two groups of 30 and placed at either
25.0°C or 21.0°C. . Data are reported as number hatched/ number viable on days 4,8,12,
& 20. Total number hatched/viable, percent hatched and survival are given for day 20. The
days on which significant differences appear are noted in bold type.

CONTROL EXPERIMENTAL
3 g/L 10 g/L
25°C 21°C
DAY # Hatched/#Viable Hatched/#Viable

A B C D A B C D

0 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30

4 0/30 0/30 0/30 0/29 0/30 0/30 0/30 0/30

8 0/30 0/29 0/29 1/29 0/30 0/30 0/27 0/30

12 129 1/28 029 1/29 029 0/28 0/26 0/28

20 1/29 1/28 0/29 2/28 0/28 0/26 0/26 0/25

Total #

Hatch/Viable 4/114 0/105
Percent Hatch 3.5% 0%
Survival 95.0% 87.5%
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G. The effect of short day adult exposure, ( L:D, 10:14) on long term storage of embryos
dried in peat moss and stored at 21°C. Adult fish were exposed to short day photoperiods
for 130 days.

When visually inspected under the microscope, embryos were free of abnormalities and
membranes exhibited normal morphology. Over 89% of the embryos survived for 180
days or longer. Over 50% of the embryos bypassed DII by day 270. D II may have been
terminated early due to the temperature fluctuations (21-26°C) experienced while visually
inspected at room temperature on days 90, 180, 270 and 300. Point estimates and 95%
confidence intervals at each inspection period are given in Appendix IV.

Table 7. Survival and duration of D II in embryos from short day exposed adults. Eggs
were stored in peat moss at a diapause inducing temperature of 21.0°C. Thirty eggs were
sampled from each of four aquaria. Data are reported as number and total number of
embryos developed less than or equal to DII (stage 32), greater than DII, and number
viable. Eggs were inspected on days 90, 180, 270, and 300.

Day Tank #<DII #>DII #Viable

A 26 2 28
90 B 30 0 30
C 29 0 29
D 27 1 28

Total(%) 112(97) 3(3) 115(96)
A 18 8 26
189 B 22 6 28
cC 2 2 28
D 19 6 25

Total(%)  85(79) 22(21) 107(89)
A 5 12 17
270 B 8 16 24
cC 13 7 20
D 10 1 21

Total(%)  36(44) 46(56) 82(68)

A 2 11 13
300 B 1 20 21
C 5 10 15
D 7 9 16

Total(%) 15(23) 50(77) 65(54)
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DISCUSSION

The various studies conducted clearly demonstrate drops in temperature to be responsible
for triggering the hatching process and terminating D III. Results explain the high
mortality and weak chorions reported by collaborating USABRDL for those embryos
shipped in the winter months. Three methods born from this research were developed to
provide a solution to the hatching witnessed during winter shipment of embryos. The first
method utilizes the developed “package heater” that is driven by a battery to generate
small quantities of heat. The package heater and eggs are placed in a 2 inch thick foam
container which insulates the eggs from ambient conditions, while reducing heat loss from
the battery operated package heater. Keeping the embryos from experiencing a drop in
temperature will reduce mortality associated with shipping in colder months. The design
of the battery operated package heater is given in Appendix 1. The second method
requires embryos to be shipped at a stage of development where hatching does not occur
(prior to stage 42-43). In Experiment E, no stage 38-40 embryos hatched when exposed
to a temperature drop for 8 days. This method is not advantageous, since test facilities
would have to maintain embryos in their labs prior to use. The last method developed
employs a combination of evaporative water loss and storage in peat moss. Embryos
stored in peat moss have been observed routinely to ship with low mortality in cold
weather and avoid the premature hatching witnessed in eggs presently shipped on moist
filter paper.

Collaborating researchers had difficulty in maintaining viability of embryos stored on filter
paper, but reported favorable results when embryos were stored and shipped in peat
moss. In addition, embryos stored in peat moss demonstrated extremely high survival rates
during investigations which required prolonged handling during visual inspection
(Experimental Design G). Embryos demonstrated 96% survival after 90 days and 87.5%
after 180 days. Fifty four percent of the embryos survived a 300 day incubation period in
peat moss. These results, when compared to previous findings during Phase I, indicate
that a peat substrate is superior to a paper substrate in embryo survival and shelf life. In
addition, no handling or maintenance is required for eggs stored in peat, whereas eggs
stored on filter paper require weekly observation and re-plating. The effects of
hypertonic solutions on hatching (Experimental Design F ) identifies why embryos stored
in dry peat fail to hatch when exposed to cool temperatures. Eggs in dry peat tend to lose
water to the surrounding peat which acts as a sponge. Since it is difficult to observe
embryos in peat, eggs were subject to hypertonic solutions that mimic the effects of peat
on eggs. The egg membranes clearly shrunk due to water loss and failed to hatch when
exposed to temperatures previously observed to hatch eggs. Embryos stored in peat
moss permits researchers to maintain dormant embryos for extended periods of time,
without premature hatching caused by small changes in temperature. This extended shelf
life further supports the development of annual killifish for use in toxicant assessment.

Further investigations with food (Appendix II) demonstrate large nutritional differences in

commercially available brine shrimp. Our comparative study, significantly demonstrates
the superiority of enriched San Francisco Brand over another, High Sierra. Fish fed San
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Francisco Brand demonstrated greater mean increases in weight and length when
compared to fish fed High Sierra (Appendix Tables 2-5). Statistical analysis is presented
in Appendix IV.

Preliminary studies on other species of annual killifish that are easier to culture indicate
that they too are capable of long term storage and easily hatched in kit form. If annual
killifish embryos prove to be good candidates for toxicant assessment, a large choice (over
100 species) exist that may vary in their sensitivity and therefore application. The culture
of one other annual fish (e.g. Blue Gularis) was found to be easier, due to the larger size
of newly hatched fry and their less selective feeding behavior. Further investigations may
be worth while to determine which genus of annual killifish are the easiest to maintain.

CONCLUSIONS

The continuous production of embryos from the annual killifish, N. guentheri was
accomplished. Techniques developed under this contract permit the economical mass
production of these fish and embryos for the first time. Later developed shipment and
storage techniques permit these embryos to be delivered in kit form to collaborating
researchers in a ready to use fashion, avoiding routine maintenance problems associated
with other species. These same embryos may be stored for several months prior to use.
Methods described in Phase I and II provide the researcher with the basic background
required for lab production of annual killifish embryos for the purpose of toxicant
assessment.

Future efforts should center around testing other species of annual killifish to determine
benefit of one over another. Additional research that would benefit several areas of
science is the identification and isolation of “Diapause Factor”, the chemical/protein
messenger, that is passed from the adult female, in response to specific environmental
stimuili, to the egg, in order to control diapause. This growth suspending factor, if
identified, has a variety of potential applications that benefit mankind, such as cellular
inhibition for the purpose of treating cancer or premature aging. In addition, findings
indicate that embryonic diapause in fish is similar to insect diapause. The same diapause
factor may work on insects, permitting the manipulation of their normal development and
diapause onset. The present use of chemical toxins such as pesticides could be replaced or
reduced with biological compounds targeting insect development. Insect diapause permits
their hatching out during favorable conditions which coincides with crop growth. If their
developmental cue could be broken, insects could be tricked to prematurely hatch at a
time when their survival is impossible.
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APPENDIX 1
Heat production by a battery operated package heater.

When shipping eggs to collaborating USABRDL during winter months, viability was
reduced due to freezing temperatures. Previous studies demonstrated temperature
fluctuation as the cause for hatching. To avoid rapid change in temperatures during
shipping, eggs were packed in foam containers and heat packs placed on the outside. This
method of heat propagation was poor as commercially purchased heat packs (Grabber
International) would lose their potency if not shaken. To provide a better heater for winter
shipment a battery operated heater was developed by using a battery and resistor which
essentially shorts circuits the battery over time while emitting heat.

This package heater is based on a resistive heater element and a battery. The battery is
inserted into the heater upon shipping the container and will create heat based on the
battery’s discharge characteristics. The amount of heat generated is small and to keep the
internal compartment above ambient temperature depends on a sufficient amount of
thermal insulation in the package.

The battery is 1.5 volt alkaline “C” cell and the heater element is a 1/2 watt 4.7 ohm
resistor. The battery voltage begins at 1.5 volts and drops to .75 volts by the end of its life.
To get the power generated at the beginning and end of the battery life we use the
following formulas:

P = power in watts I =currentinamps V = voltage in volts
R = resistance in ohms

I=V/R I1=15/47 .319 amps at start
[=0.75/4.7 .160 amps at end

P=1IxV P=.319x1.5 .479 watts at start
P=.160x .75 .12 watts at end

Heat flows from warm to cold. In this heater the resistor is the hottest element. It warms
the surrounding air in the internal compartment. It may be possible to provide a good
thermal conduction path from the resistor to the egg container which would then make the
egg temperature greater than the internal compartment air. However, since there is no
temperature control it may be possible to raise the egg temperature too high if we do this.
The heated internal compartment air transfers heat through the Styrofoam and plastic to
the outside air which will be referred to as the ambient temperature. If there is no direct
conduction path from the resistor to the eggs then the eggs will be near the temperature of
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the air in the internal compartment. This is the temperature that we are concerned with
and the temperature that will be monitored. The temperature inside the compartment will
be a function of the wattage dissipated by the heater and the thermal resistance of the
container. Thermal resistance is determined by the physical properties of the materials.
The amount of heat flow is determined by the thermal resistance and the surface area
available for the heat to flow through. Since the Styrofoam container has a fixed surface
area we will be concerned with the thermal resistance as a complete system from the
internal compartment air to the outside air. The thermal resistance (TR) will be expressed
as the temperature rise above ambient per watt of power dissipated inside the chamber.

T = temp. inside chamber =~ TA = ambient temp.
TR=(T-TA)/P

The experimentally measured thermal resistance for the Styrofoam wrapped in plastic
inside the cardboard box was approximately 150° F per watt. Using this value with the
starting and power dissipation the temperature rise above ambient would be as follows:

T rise = .479 x 150 = 72° F at start
Trise=.12x 150 =18°F at end

If the outside air was 20° F the temperature in the compartment would be 92° F at start
and 38° F at the end. If the ambient temperature was 60° F when installing the battery the
temperature in the chamber would be 132° F. (This may require refrigerating the battery
before installation to flatten out the beginning temperature curve.) According to the data
available from Duracell, the battery should end its performance at about 30 hours. This
endurance may be reduced however if the battery temperature is low. This may be a good
reason to place the resistor close to or touching the battery in order to get the maximum
performance from the battery. The battery life can also be extended by using a larger
resistor which will reduce the current drain and lower the power dissipation. This however
will lower the temperature rise of the internal compartment.

Additional duration can be obtained by controlling the temperature or adding additional
batteries. One of the drawbacks of the simple resistor heater is that it generates the
greatest temperature rise at the start of the cycle when it is not needed and generates the
least temperature at the end of the cycle when it may be needed the most. The temperature
rise can be increased by increasing the thermal resistance of the container. Heat
generation is reported in Appendix Table 1 below.
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Results

A simple battery heater is capable of maintaining internal temperature during shipment in
the coldest months to avoid mortality associated with extreme drops in temperature. The
cost of production of such unit is less than $2.00/unit making it both a viable and
economic method for shipping.

Appendix Table 1

The ability of battery operated package heater to generate heat. A package heater was
activated and placed inside a 2” foam container. Temperature readings were generated
from a thermal probe placed inside the compartment. The foam container was placed in a
commercial freezer immediately after the battery was activated.

Radio Shack "C" alkaline cell
Time Deg F BatteryV  Time plot

20:30 75.5 1.45° 205
20:35 76.9 1.45 20.58333
20:45 76.1 1.43 20.75
21:00 73.6 1.41 21
21:15 70.7 1.37 21.25
21:30 69.2 1.35 215
21:45 66.6 1.32 21.75
22:05 64.4 1.3 22.08333
22:40 61.2 1.25 22.66667
23:00 59.8 1.25 23
12:00 85.7 1.2 24
01:00 527 1.15 25
02:00 50.8 1.125 26
03:45 48 - 1.075 27.75
07:00 46.1 1 31
08:00 446 0.975 32
00:00 405 0.925 36
13:00 39.5 0.85 38
14:.00 38.4 0.775 40
16:40 21.8 0.125 4286
17:15 18.2 0.1 43.25
21:30 12 0.065 47.5
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APPENDIX IT

The effects of vitamin/amino acid enriched brine shrimp on growth. Brine shrimp that was
enriched with a combination of yeast and spirulina was compared to brine shrimp alone.

During routine care of these fish it was observed that various commercially available
foods, especially the staple diet frozen brine shrimp, would be rejected by some fish or
increase mortality in fish. To study this phenomenon, we compared a nutritionally
supplemented frozen brine shrimp available from San Francisco Brand Name Brine
Shrimp, to High Sierra brand brine shrimp available from pet stores. The purpose of this
study was aimed at identifying safe foods for the growth and maintenance of these fish,
that also provide the maximum nutrition.

A modified flow through system was used in testing the annual killifish. The fish were
housed in 9 liter V-shaped tanks with a bottom drain pipe covered by nylon mesh. Each
tank contained one air tube and one PVC grid for hiding. Carbon filtered well water was
adjusted to 1 gram per liter with NaCl, and buffered to a final pH of 6.9-7.1 (see water
conditioning, Phase 1 Report). Water was stored in all glass 200 gallon tanks raised to a
height above the fish. Water flowed by gravity through PVC pipes fitted with clamp
valves to control flow to each tank. Valves were adjusted to permit a slow change of 100-
125% of their water daily. Lighting was accomplished by 4 GE 48” cool white fluorescent
bulbs. The Light Dark cycle was 13:11 at an intensity of 100-115 ft. candles

Fish were randomly selected on the same day after a 24 hour starvation period from 50
day old laboratory stock of annual killifish, N. guentheri. One hundred females ranging in
length from 1.5¢m to 2.8 cm and wet weight of 0.10 to 0.50 g were randomly placed 5
fish per tank in each of 20 tanks. Ten tanks were randomly selected for each food
treatment. One group received HighSierra Brand frozen adult brine shrimp, the other
received supplemented adult frozen brine shrimp available from San Francisco Bay Brand.
Fish were fed in excess 3 times daily at 9:00 am, 1:00pm, and 4:00pm. Any visible food
that did not exit via the drain pipe was removed 15-20 minutes after feeding. After 36
days, the ending weights and lengths were measured for comparison to beginning values.
Data are presented below as mean beginning lengths, ending lengths, beginning weight,
ending weight, mean increase in length and weight and combined mean increase in length
and weight.

In general growth as measured by increase in length and weight was slow when compared
to similar fish routinely grown in our lab that receive a variety diet. However, there was
an obvious benefit observed in growth in fish fed San Francisco brand brine shrimp vrs.
High Sierra. San Francisco brand led to mean increase in length and weight of 0.56cms
and 0.16 grams respectively . High Sierra led to a smaller mean increase in length and
weight of 0.13 cm and -0.02 grams (Appendix Tables 2-5). Fish fed High Sierra brand
actually lost weight and therefore this food has little or no nutritional value at all.
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Appendix Table 2

Mean lengths and weights of 50 day old Nothobranchius fed San Francisco Bay Brand
Brine Shrimp™ for 36 days.




_Replicate | Beg. | Mean Ending | Mean Beg. . Mean Ending Mean
__Number Lengths Beg. Lengths Ending Weights Beg. Waeights Ending
o Lengths | | Lenths Waeights Waeights
1 1.89 cm 2.45 cm Mg | T asg |
2.00 cm 255em | [ a9gq | __ 35 g
1.86 cm 225cm | 219 | | 30g ]
1.80 cm 2.58 cm 1 9g 35¢ |
7.50cm | 1.81cm | 260cm | 243cm | .10g | .16g .50 g 39¢g
2 1.70 cm 2.00 cm 20g S .20 g '
1.70 cm 210 cm | T a3g | T 28g |
1.84 cm 217 cm ATg 25 ¢ |
1.70 cm 2.30 cm _ 12g 339
2.20cm | 1.83 cm * 2% cm | :4{5 g_ ‘_gf_)ﬂg_w__ ] . 26 g ﬁ
3 1.79 cm 2.90 cm | sg | . 409 |
2.10 cm 1.90 cm .20 g .20 g
1.75 cm 2.31 cm A1g | .30g
1.80 cm 2.60 cm | 179 32¢g L
250cm | 1.99¢cm | 265cm | 2.47 cm 50g .23 g .50 g 'R
4 1.80 cm 2.50 cm A19¢g A4 g
1.80 cm 2.20 cm | _15g 31g
1.58 cm 2.30 cm .16 g 30¢g
1.70 cm ] 249cm | 12g | | 35¢ |
1.70cm | 1.72cm | 2.35cm | 237cm | .21g A7¢g 31g 349
5 1.52 cm 2.40 cm 129 .35 ¢g
1.93 cm 2.50 cm 20¢ 39¢
1.88 cm 2.50 cm 29¢g 44 g |
1.85 cm 2.60 cm .15¢g 419
1.60cm | 1.76cm | 2.20cm | 2.44 cm .25g | .20g | .25¢g _.37g
6 . 1.79 cm | . 2850cm | .19¢ . 40g
1.80 cm 2.40 cm .20 g 35¢g
1.80 cm 2.40 cm .16g 35¢g
2.00 cm 2.50 cm 45g 45 g
_|.200cm | 1.88cm | 2.30cm | 242cm | 309 269 | 349 | .38g
7 1.90 cm 2.50 cm 129 .55¢g
2.00 cm 2.60 cm 21g 50g
1.68 cm 2.20 cm | 3¢ | .| 889 |
1.75 cm 1.80 cm 1 .30g - .16 g i
220cm | 1.91cem | 2.65cm | 2.35cm 45¢ 24 g 45¢g 40¢g
8 1.69 cm 2.40 cm Mg 35¢
1.87 cm 2.60 cm .15 g .55 g
1.83 cm 2.60 cm | 8e | _ 459 | |
2.00 cm 2.50 cm .20 g 45 g
230cm | 1.94cm . 2.53 cm .60g .25 g * 45 g
9 1.72 cm 2.05 cm ld4g 35¢
1.79 cm 2.60 cm 16g 55¢g
1.80 cm 2.60 cm .16 g 45¢g
1.70 cm 2.50 cm .20 g 45 g
2.20 cm 1.84 cm * 2.44 cm .30 g .19 ¢ * 45 g
10 1.76 cm 2.20 cm .19¢ 33¢g
1.75 cm 2.00 cm .20 g 24 g
1.70 cm 2.40 cm 14 g .38g
1.60 cm 2.40 cm B 10g 35¢g
200cm | 1.76cm | 2.60cm | 232cm | .50g 23 g 419 349
TOTALS | 92.12cm | 1.84cm [112.70cm| 240cm | 10.66 ¢ 219 1744g | 379 |

A-6

skep 9¢ 10§ j duiLiyg surig

pueig Aegl 03SIURL] UES PIJ SHIYIUDLGOYION PIO KBP (S JO SIYSIOM 79 SYIBUd] URIA|




Appendix Table 3

Mean lengths and weights of 50 day old Nothobranchius fed High Sierra Brand™ Brine
shrimp for 36 days.



1

‘sAep 9¢ 10} ydwriyg

Replicate | Beg. | Mean Ending | Mean Beg. Mean Ending Mean
Number Lengths Beg. Lengths Ending V_\_IVgighgg;_;__r Beg. ;._<__V_\Igigh1§ ~ ) 'Endirng
Lengths Lengths ! Weights W&bhfé
1 1.71 cm 1.95 cm .14 g .25 g
1.69 cm 2.10cm 129 .30 g B
L 170em | L 1.83cem | 154g 59 .
1.80 cm 1.70 cm 13g | A4 g
280cm | 1.94cm | 2.10cm | 1.94 cm 30g | .17g 18 g .20 g
2 1.70 cm 2.05 cm 169 19¢
1.80 cm 1.95 cm | eg | | 209 —”
1.55 cm 1.78 cm 19g | 17 .0g
1.85 cm  165cm | | .59 -10g
1.50cm | 1.68cm | 1.90cm | 1.87cm 18g ‘179 | 18g | 5g
3 1.70 cm 1.80cm | | .16g | , 13g
1.65 cm 1.70 cm | .1eg T T h0g |
2.10 cm 2.10 cm .28 g ) .15¢g
1.50 cm o 1.90cm | g | .a5¢g |
2.00cm | 1.79cm | 2.30cm | 1.96cm | .30g | .20g 24 g A15g¢g
4 1.88 cm 2.00 cm A7g .21g
1.80 cm 2.40 cm 16 g 30g
1.70 cm 2.10 cm A2g _ A5g
1.70 cm 1.90 cm .18 g A7 g L
180cm | 1.78cm | 1.75cm | 2.03 cm 50g 23 g .09g .18 g
5 1.65 cm 1.80 cm ~15g | A1g
| 210em | | 170em 21g B 10g
1.70 cm 2.20 cm _.13g 27¢g
1.90 cm 1.70 cm .19g¢ I1g
1.70cm | 1.81cm | 1.80cm | 1.84cm | .30g | .20g | .13g | 149
6 1.69 cm 2.00 cm A1g .16 g
1.81 cm 1.70 cm A2g 10g
1.61 cm 2.15 cm 149 21g
1.95 cm 2.00 cm .20 g 14 g
1.70cm | 1.75cm | * | 1.96em | .10g | .13g | * _| .15¢
7 1.89 cm 1.70 cm .22 g .10¢g
1.52 cm 1.80 cm .08 g 10 ¢
2.05 cm 1.95 cm 219 . 15g¢g
1.60 cm 2.00 cm A7g 19¢g
R "1.70cm | 1.75cm | * | 1.86cm | .14g | .16g | * _ | 149
8 1.79 cm 1.70 cm A1g .13 g
'2.05 cm 1.70 em 27g .20 g
2.05 cm 210cm | | 289 | | .209g o
1.80 cm 1.80 cm .18 ¢ 10g ]
1.55cm | 1.85cem | 200cm | 1.86 cm 1149 .19 ¢ .19 ¢ 16 g
9 1.75cm 1.90 cm 17g 15¢
1.65 cm 2.10 cm 159 .20 ¢
1.70 cm 2.00 cm T are | | 159 | -
1.70 cm 2.10 cm .19¢g .18 g
1.80cm | 1.72cm | 1.80cm | 1.98 cm .20 g .18 g .10g .16 ¢
10 1.68 cm 1.70 cm 37¢ | . |_.08%¢ | _____
1.76 cm 1.70 cm .19¢ .10 g
1.65 cm 1.90 cm .18 g g
1.80 cm 1.80 cm .16 g 1 .10g
175cm | 1.73cm | 210cm | 1.84cm | .13g | .21g | .209 | .29
TOTALS [ 88.98cm | 1.78cm | 91.86cm | 1.91 cm 9.14g A8g 71.55¢g A6g |
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Appendix Table 4

Mean increase of length and weight in 50 day old Nothobranchius fed San Francisco
Brand Brine Shrimp™ for 36 days.
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‘sep 9¢ 10j ;,; dutayg sung pueag

) FOOD BRAND TANK NUMBER | MEAN INCREASE IN f MEAN INCREASE IN
| _LENGTH(em) | WEIGHT(g) |
San Francisco Bay 1 0.68 - 0.23
San Francisco Bay 3 o3 T 006 |
San Francisco Bay 5 o i 048__ T T 0;;'"1w*-~__‘_
San Francisco Bay | 6 | 0.65 _ 07 ]
San Francisco Bay 7 4 - 0.68 B 017 ]
Sen FranciscoBay | 10 0.54 064z ]
San Francisco Bay 12 | . 044 _ _ 016
San Francisco Bay 15 059 | 02 |
San Francisco Bay 18 N o0 I 026
San Francisco Bay 20 056 1 012
COMBINED/ TOTALS 0.56 0.16
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Appendix Table 5

Mean increase of length and weight in 50 day old Nothobranchius fed High Sierra Brine
Shrimp™ for 36 days.
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FOOD BRAND

TANKNUMBER | MEAN INCREASEIN | MEAN INCREASE IN _

LENGTH (cm) WEIGHT (g)
High Sierra 2 0.00 0.03
High Sierra 4 620 | -0.02
High Sierra 8 017 ~ -0.05
High Sierra 9 ~ 0.25 -0.04
High Sierra 1" 0.03 -0.06
High Sierra 13 0.21 0.02
High Sierra 14 0.1 -0.02
High Sierra 16 0.01 -0.03
High Sierra 17 0.26 -0.02
High Sierra 19 0.11 -0.09
COMBINED/ TOTALS 0.13 -0.02
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APPENDIX I

General methodology utilized for preparation and shipment of embryos used for toxicant
assessment at collaborating USABRDL.

Eggs were harvested from the general breeding population of killifish housed in a
recirculating aquaculture system. Embryos aged 1-7 days were harvested by stirring the
sand bottom and swiftly moving a net in a figure eight configuration. The eggs are
somewhat buoyant and float in the water for several seconds after stirring the sand,
making their removal simple. Tanks were immediately filtered with diatomaceous earth
and carbon to remove bacteria and fungus released into the water from the sand substrate.
Eggs were immediately placed in freshly prepared stock water of an identical temperature.
Eggs were rinsed several times and placed in large shallow glass trays at a density of not
more than 1 egg per 2 mls stock water. Eggs were rinsed daily and stored in the dark at a
temperature of approximately 25.0°C. When embryos develop to stages 24-30, viable
embryos were selected and placed in a plastic bag containing sterile Canadian peat moss.
The peat moss was first boiled several times, processed to pass through a 0.6 mm mesh
screen and squeezed until damp to the touch. The peat moss containing eggs were
wrapped with a minimum of 1 inch of foam and transported by next day air to
collaborating researchers. A package heater or commercially purchased heat pack was
used to maintain temperature in the coldest winter months.

When received by collaborating researchers the eggs are incubated for 30 days or longer
depending when required for any study. Eggs are easily harvested by passing the peat
moss through a 0.6mm mesh which lets the soil pass while capturing the embryos. The
eggs are hatched by crowding in a vial. A density of 20 eggs per ml is used to rapidly
initiate the hatching process.

Eggs can be manipulated prior to insertion into peat moss for long term storage. These
embryos would be harvested from fish exposed to short day (L:D, 10:14) conditions for
100 or more days and incubated at 21.0°C. Embryos would be shipped to collaborating
researchers and stored at 21.0°C. When embryos are required for toxicant assessment,
they are maintained at room temperature of 24.0-28.0°C for 60 days permitting the
embryos to bypass Diapause II and develop to Diapause III the prehatching stage. When
fully developed they are collected and handled as stated previously. Once in Diapause III,
eggs have a shelf life of 90 days.
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APPENDIX IV

Part 1. Statistical analysis for experimental designs A - G.

Part 2. Statistical analysis for growth study (Appendix II).
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APPENDIX IV

Dr. Raid W. Amin

8585 Belle Meadow Blvd.
Pensacola, FL 32514
(904) 477-7283 (H)

(904) 474-3014 (W)

STATISTICAL CONSULTING REPQRT
FQR Dr. EUGENE HULL

Part I: Hotching Ratios of Eggs.

Description of the statistical test performed: The results of each 4 replications were pooled together
for each day. The 2x2 tables were analyzed for each day utilizing both an exact nonparametric
permutation test and an asymptotic x? test with the software StatXact-Turbo. It should be noted
that the the results from Day=0 to Day=20 are not independent, and no comparisons should be made
between the different days. If the pre-conceived alternative hypothesis is one-sided, then the p-values
for the one-sided tests should be used. The resulting p-values are as follows.

A. The Effect of Drops in Temperature on Hatching and Viability in Water Incubated Eggs.

Permutation Test x%-Test
Day 1-sided 2-sided 1-sided 2-sided
0 0.9999 0.9999 0.9999 0.9999
4 0.0403 0.0807 0.0400 0.0801
8 0.0233 0.0465 0.0230 0.0461
12 0.0074 0.0149 0.0073 0.0147

,20 0.0029 0.0059 0.0029 0.0058

B. The Effect of Drops in Temperature on Hatching and Viability in Water Incubated Eggs that were
Dried for Ten Days Prior to Being Returned to Water Incubation.

Permutation Test x%-Test
Day 1-sided 2-sided 1-sided 2-sided
0 0.9999 0.9999 0.9999 0.9999
4 0.0014 0.0029 0.0014 0.0023
8 0.0001 0.0002 0.0001 0.0002
12 0.0000 0.0000 0.0000 0.0000
20 0.0000 0.0000 0.0000 0.0000
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C. The Effect of Drops in Temperature on Hatching and Viability in Dried Eggs that are Stored
on Moist Filter Paper.

Permutation Test x2-Test
Day 1-sided 2-sided 1-sided 2-sided
0 0.9999 0.9999 0.9999 0.9999
4 0.0278 0.0556 0.0276 0.0551
8 0.0028 0.0056 0.0027 0.0055
12 0.0017 0.0034 0.0017 0.0034
20 0.0009 0.0018 0.0009 0.0017

D. The Effect of Drope in Temperature on Hatching and Viability in Water Incubated Eggs that were
Programmed to Enter DII for 20 Days.

Permutation Test x2-Test
Day 1-sided 2-sided 1-sided 2-sided
0 0.9999 0.9999 0.9999 0.9999
4 0.0046 0.0091 0.0045 0.0090
8 0.0002 0.0003 0.0002 0.0003
12 0.0000 0.0000 0.0000 0.0000
20 0.0000 0.0000 0.0000 0.0000

E. The Effect of Drops in Temperature on Hatching and Viability in Dried Eggs that are Deireloped
to Stage 38-40 Prior to the Pre-hatching Stage.

Permutation Test x%Test N

Day 1-sided 2-sided 1-sided 2-sided ~
0 0.9999 0.9999 0.9999 0.9999
4 0.9999 0.9999 0.9999 0.9999
8 0.9999 0.9999 0.9999 0.9999
12 0.1597 0.3194 0.1592 0.3183
20 0.3423 0.6847 0.3420 0.6840

F. The Effect of Reducing Egg Water Content on Hatching and Viability in Embryos Exposed to a

4C° Drop in Temperature (3g/L vs 10g/L).
Permutation Test x%-Test
Day 1-sided 2-sided 1-sided 2-sided
0 0.9999 0.9999 0.9999 0.9999
4 0.9999 0.9999 0.9999 0.9999
8 0.1587 0.3173 0.1581 0.3163
12 0.0437 0.0874 0.0433 0.0867
20 0.0216 0.0432 0.0214 0.0427
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G. The Effect of Short day Adult Exposure on Long Term Storage of Embryos Dried in Peat Moss
and Stored at 21C°.

The four replicates for each Day (90, 180, 270, 300) were pooled together. The sample survival rates
of embryos developed greater than DII is denoted by P, and the survival rate of embryos developed
less than or equal to DII is denoted by 1-P. The table below presents the point estimates and 95%
confidence intervals for the parameter P at each stage (Day=90, 180, 270, 300).

Day Point Estimate Confidence Interval
90 p=0.02609 0.0054 <P <0.0744
180 p=0.2056 0.1336 <P <0.2946
270 p=0.5610 0.4470 <P <0.6705
300 p=0.7692 0.6481 <P <0.8647
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Part II: Change in Length and Weight in 50 Day Old Nothobranchius Fed Two Types of Shrimp :
(High Sierra vs San Francisco Bay)

Statistical Analysis: A Repeated Measures Design was utilized to analyze the data, separately for
variables length and weight.

Model : Response = Subject(Group) Group Time Group*Time

Note: Subject(Group) denote (Subjects are nested in Groups). All data points were used, except when
there were missing values. The Statistical Analysis System (SAS) was utilized, using the GLM
procedure for repeated measures designs. The enclosed SAS printouts show detailed work and results.

The first ten pages of the SAS printout give summary statistics and box plots for each group.

1. Variable=Length: (SAS printout pages 12, 14, 15). The interaction effect Group+Time is significant
(p=0.0001), and this implies that we should not consider the main effect Group averaged over Time.
The interaction plot and the accompanying Tukey’s multiple comparison procedure led to the
following conclusions (at a=0.05):

1. There is a significant increase in length (beginning vs ending) for both groups.

2. Even though both groups had similar beginning lengths, the group that was fed San Francisco Bay
shrimp had at the end a significantly higher length than the other group (fed High Sierra shrimp).

2. Variable=Weight: (SAS printout pages 13, 14, 16). The interaction effect Group*Time is
significant (p=0.0001), and this implies that we should not consider the main efi’ect Group averaged
over Time. The interaction plot and the accompanying Tukey’s multiple comparison procedure led to
the following conclusions (at «=0.05):

1. There is no significant change in weight for the first group (fed High Sierra shrimp).

2. There is a significant increase in weight for the second group (fed San Francisco Bay shrimp) .
Overall Conclusions:

1. The group that was fed High Sierra shrimp increased in length but did not increase in weight.

2. The group that was fed San Francisco Bay shrimp increased in length and in weight.

3. The increase in length is more dramatic for the group that was fed San Francisco Bay shrimp.
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